Background: Long term efficacy of raltegravir (RAL)-including regimens in highly pre-treated HIV-1-infected patients has been demonstrated in registration trials. However, few studies have assessed durability in routine clinical settings.
Introduction
The efficacy of raltegravir (RAL) in combination with optimized background therapy (OBT) in HIV-1 infected, treatment-experienced patients, was assessed in a multicenter, dose-ranging, randomized, placebo-controlled phase II study [1] . It was then confirmed in two randomized (2:1), placebo-controlled phase-III international trials -BENCHMRK-I and -II -conducted in different geographic regions in a large population (n = 703) of HIV-1 infected patients failing therapy, with triple-class resistance mutations [2] .
Apart from these sponsored studies, the amount of observational cohort data is relatively small. In the ANRS CO3 Aquitaine Cohort [3] , 38/52 patients failing combination antiretroviral therapy (cART) had plasma HIV RNA ,50 copies/mL at week 24 of a new RAL-based regimen, and frequent (9/11) integrase mutations in viral failures, mainly at positions 148 and 155. Another cohort of 36 subjects failing cART and 21switching for intolerance to RAL-based regimens with a mean genotypic sensitivity score (GSS) = 2 [4] , showed optimal viral response at week 48 in 87.7% with a mean immunologic gain of +75 CD4/mm 3 . Engsig et al. [5] compared 32 multi-experienced patients treated with RAL-based rescue therapy with 64 naive patients starting combination antiretroviral therapy (cART) and observed comparable immunological and virological outcomes over 72 weeks. Caby et al. reported the RAL-based rescue of 67 experienced patients harbouring multidrug resistant strains [6] . At week 24, 43 (64.2%) had HIV RNA ,40 copies/mL, 18 had 40 -400 (incomplete viral suppression, IVS) and 6 had .400 copies/mL. At week 48, two of the IVS group had overt failure, while the other 16 remained 40 -400. Integrase mutations were detected in 6/8 overt viral failures. Having a GSS = 0 for the backbone was predictive of viral load .40 (OR 20.9) and the development of resistanceassociated mutations (RAMs), odds ratio (OR) 14.2. Another experience from Italy [7] prospectively evaluated 28 triple-class experienced patients harboring R5-tropic virus, treated with maraviroc, raltegravir and etravirine. At week 48, 26 (92%) had HIV-RNA ,50 copies /mL. The authors reported 3 serious adverse events: one recurrence of mycobacterial spondylodiscitis, one anal cancer, and one Hodgkin lymphoma. The largest non sponsored study, the ANRS 139 TRIO, assessed a standard rescue regimen made of RAL, daryunavir and etravirine [8] , in 103 HIV-infected subjects failing ART but harboring strains sensitive to all the study drugs. At week 48, 86% had an HIV RNA level ,50 copies/mL. Grade 3 or 4 clinical adverse events were reported in 15 patients (14.6%).
As well as efficacy, also tolerability data are mainly obtained from the few official trials and describe a very well tolerated drug [9] . Rare reported adverse events related to raltegravir include acute renal failure correlated with rhabdomyolysis [10] and cerebellar ataxia [11] . Therefore we set up this observational multicentre study, to assess the effectiveness and tolerability of RAL-based regimens in multi-experienced, multi-failed patients requiring rescue therapy, starting from confirmed measurable viremia. [12] . Adverse clinical events and deaths were reported to the local Ethics Committees and authorities as defined by the law. Data were collected by the local investigators and periodically sent to the coordinating centre at ''Luigi Sacco'' Hospital, Milan. All data were censored at week 96 for homogeneity, however the investigators convened to continue the follow-up to allow further data in the future.
Methods

Patients
Statistical Analysis
Baseline patients' characteristics were described. Continuous variables were reported as means and standard deviation (SD) if they were normally distributed and as medians and interquartile range (IQR) if not. Ordinal and categorical variables were reported as frequency and percentage.
Patients who had missing data before week 96 were considered as failures. The proportion of subjects reaching ,50 copies HIV-1 RNA/mL was analyzed as on-treatment (OT, the denominator being the population still on treatment at each time-point) and intention-totreat: missing = failure (ITT:M = F, where the denominator is the number of subjects enrolled). Variables associated to treatment failure were compared using logistic regression, according to the Cox model. Results were given as hazard ratio (HR), and 95% confidence interval (CI). Odds ratio (OR) and 95% confidence intervals (CI) was used to evaluate the association between metabolic alterations at study end (missing patients were excluded from the analysis) and baseline patients' characteristics. As appropriate, we included selected variables to adjust simultaneously for their potentially confounding effects, using a backward selection method and stating the significance cut-off P at 0.15.
Results
Three hundred and twenty treatment-experienced patients have started a RAL-based regimen at least 96 weeks before the analysis, and of these 291(91.25%) were still receiving their baseline therapy at week 96. Demographic and immuno-virological characteristics of all the subjects are shown in Table 1 . Twenty-eight (8.8%) patients discontinued prematurely their initial regimen. Five (1.6%) discontinued due to adverse events (1 for grade 3 rhabdomyolysis, 1 acute psychosis, 1 abdominal pain and 2 for fatigue and malaise), 3 were lost to follow-up, one withdrew consent, 8 (2.5%) experienced virologic failure and 11 (3,4%) died (5 of non-Hodgkin's lymphoma, 3 of cirrhosis-related events, 1 of acute myocardial infarction, 1 of violent cause and 1 of tuberculosis). The mean immunologic increase by week 96 was +227 CD4+ T lymphocytes/mm 3 ( Figure 1 ).
Virologic Failure and Resistance-associated Mutations (RAMs)
By the week 96, 27 patients (8.4%) had detectable viremia, mainly due to adherence problems, as detected by pill count. Overall, 29 patients (8.9%) experienced early or late virologic failure. Table 2 shows the results of logistic regression analyses (ITT and OT). At univariate analysis, stage C and CD4 cell count were significantly associated with failure in the ITT analysis; at the multivariate analysis, these factors stayed as the only predictors of failure, though CD4 cell count was borderline associated. None of the considered variables was significantly associated to failure in the OT analysis, though CDC stage C and CD4 cell count showed similar HRs as in the ITT. The adjusted HRs were similar but not statistically significant.
Genotypic analysis was obtained for 14 out of 29 failing patients, and RAMS are shown in Table 3 .
Safety Analysis
Nine (3.1%) and 7 (2.1%) patients reached AST and ALT serum levels over grade 2 toxicity respectively, while one and 28 (8.8%) had over grade 2 toxicity of TC and TG serum levels, respectively. Only TC showed an overall increasing trend over time, with a mean increase of +23.6 mg/dL at week 96 (P,0.0001, Figure 2 ).
The multivariable analysis took into account gender, age, route of HIV transmission, GSS of the backbone therapy, CDC stage C, duration of HIV infection, number of regimen changes, HBV/ HCV coinfection, baseline CD4+ T cell counts, HIV-1 RNA, and baseline TG, TC and ALT levels. Only baseline altered ALT (.35 International Units/L) were a significant risk factor of having any level of ALT elevation by week 96 (P,0.0001). Duration of HIV infection (P = 0.02), hepatitis B or C coinfection (31% versus 60%, P = 0.006) and baseline elevated TC (P,0.0001) predicted week 96 TC elevation over the National Cholesterol Education Program guidelines [13] optimal level, while for TG the only predictors were male sex (36% versus 18%, P = 0.018), and ART duration before study entry (years, mean 6 SD)
16. baseline elevated TG (P,0.0001). Other adverse events with their CTCAE grading are reported in Table 4 .
Analysis Stratified by Number of Drugs Composing the Regimen
The whole cohortwas stratified according to the number of drugs of which the new regimen was composed: 2 (n = 45, group A), 3 (n = 111, group B), 4 (n = 124, group C), or .4 (n = 40, group D). The clinicians' decision to combine more or less drugs was oriented by the GSS (mean6SD: . The absolute CD4+ T-cell gain was comparable between arms (+270, +214, +216, and +240 cells/mm 3 , respectively), as was the proportion of subjects maintaining HIV-1 RNA ,50 copies/mL at week 96 (Table 5) , at least in A, B and C (88.9; 87.3; and 87.9%, respectively), while group D had some more problems related to adherence and to the poor baseline immune status: in fact, only 80% had viral load below 50 copies/mL.
Analysis of Companion Drugs' Contribution to Viral Suppression
In group A 8 subjects (17,8%) introduced at least a new drug class together with RAL, while groups B, C and D this occurred to 33 (29,7%), 29 (20,6%) and 10 (25%), respectively.
The main accompanying drugs were darunavir (53% in arm A, dual therapy 50% in B, 67% in C, and 86% in D), lamivudine or emtricitabine (55% in B, 94% in C, and 97% in D), tenofovir (12% in B, 78% in C, and 80% in D), etravirine (26% in B, 16% in C, and 63% in D) and maraviroc (20% in B, 4% in C, and 9% in D). Overall, the accompanying drugs were generally recycled as the least damaged in long treatment histories. Maraviroc sensitivity was based upon prediction by Enhanced Trofile and the drug could not be administered without this result, so it is considered to be active at baseline in all cases.
Finally, we analyzed the contribution of darunavir to virologic suppression and CD4+ T-cell gain. Darunavir-containing regimens (n = 203) achieved a mean CD4 increase of +223/mm 3 with 7,3% virologic failures, while in darunavir-sparing regimens (n = 117) CD4+ T-cells increased by +236/mm 3 on average with a 10% virologic failure rate.
Discussion
To our knowledge, this is the largest observational cohort of salvage therapy with raltegravir and the longest follow-up reported to date.
The main comparison that can be made is with the BENCHMRK study data at 96 weeks [2] . Despite data being collected from observational cohorts, the proportion of subjects with HIV RNA ,50 copies/mL at week 96 is remarkably higher in our study, as well as the CD4+ T-cell gain. From a clinical point of view we observed a comparable proportion of AIDS events (2,2%), while, aside a comparable proportion of AIDS-related deaths, we had 5 (1,5%) non AIDS-related deaths. A larger proportion of subjects was on concomitant darunavir therapy as compared to the BENCHMRK study, however this does not seem to have yielded better results. In both studies the GSS and the number of active drugs were not associated with different virologic outcome.
The ANRS 139 TRIO study showed very good results in a completely different setting, where a brand new regimen composed of etravirine, boosted darunavir and raltegravir acted in the setting of an optimal GSS ( = 3) [14] . The overall virologic suppression rate is comparable to that of the SALIR group, and the CD4+ T-cell increase smaller (+150/mm 3 vs + 227/mm 3 ). The main results of the present study are indeed the immunologic gain and the protection from progression to AIDS after 96 weeks of salvage therapy in a consistent cohort (n = 320), representative of numerous centers from Italy. Also, the liver and metabolic toxicity that we observed in our cohort is quite mild and liver enzymes' elevations were mainly seen in HCV-infected subjects, as reported by Vispo et al [15] .
The progressive increase in total cholesterol is confirmed in the pilot SHIELD trial (n = 35) [16] , but not in the SPIRAL study (n = 273) [17] , in which previous boosted protease inhibitor-based regimens were simplified to raltegravir. The increase of cholesterol levels could be explained considering that uncontrolled HIV infection results in substantial decreases in serum TC. Effective antiretroviral therapy is associated with increases in cholesterol: this represents a return to pre-infection serum lipid levels after accounting for expected age-related changes [18] . In our data, confirming a previous study, hepatitis coinfection contains the cholesterol increase [19] .
Furthermore, confirming a previous smaller experience [20] , having only one drug (a non-nucleoside reverse transcriptase inhibitor or a boosted protease inhibitor) in the backbone was associated with a high proportion of suppression of HIV-1 replication (88.9%) at week 96 and with a non significant increase in total cholesterol.
In treatment-experienced subjects, a raltegravir-including salvage ART achieved and maintained high levels of virologic suppression, with few virologic failures, mostly accompanied by the emergence of resistance-associated mutations. The impact on metabolic and liver function was mild, also because of the presence of relatively low-impact backbone regimens, mostly containing darunavir and/or etravirine and/or tenofovir/emtricitabine. The proportion of deaths could be explained with the advanced stage of HIV-1 infection of the involved subjects.
Considering the highly advanced HIV-infection of our cohort, we observed few serious adverse events and deaths; tumors were rare; no other new AIDS-defining events were recorded. The SALIR study provides a consistent glance on safety and efficacy of a raltegravir-based salvage therapy in the long run in a ''real world'' clinical setting. 
